Using small tags, we tracked the pathway of tumor necrosis factor (TNF)α across cerebral vascular endothelial cells. In cerebral microvessel derived RBE4 cells, 125 I-TNFα had rapid endocytosis within the first 20 min and showed substantial exocytosis in the intact form. Biotinylated TNFα was detected at different time points after endocytosis by streptavidin-Quantum dots which showed its timedependent colocalization with intracellular organelles. In mice, electron microscopic autoradiography after intravenous injection of 125 I-TNFα showed its transcytosis, as signals emerged on the abluminal side of the endothelial cells and reached brain parenchyma. The vesicular trafficking of TNFα reflects the immunomodulatory potential of peripheral cytokines for the CNS.
Introduction
Despite the important influence of the proinflammatory cytokine tumor necrosis factor α (TNFα) on the blood-brain barrier (BBB), trafficking of the ligand TNFα in the cerebral microvessel endothelial cells composing the BBB has received less attention than its receptors. Transcytosis of an exogenous peptide or protein ligand from the apical to basolateral side of a cell does not seem to be a universal phenomenon but can exert important physiological functions. Microvessel endothelial cells composing the BBB are polarized, being joined by tight junctions, underlined by a continuous basement membrane, and reinforced by pericytes and astrocytic endfeet. These endothelial cells have lateralized distribution of intracellular enzymes and transporter proteins in the luminal (apical) and abluminal (basolateral) membranes. This makes specific transport systems for selective cytokines particularly important in facilitating transmission of peripheral inflammatory and immune signals to the CNS by way of the BBB.
Since the BBB constitutes the largest neurovascular interface, selective transport systems play significant roles along with neuroendocrine feedback, axonal transport, and direct effects of blood-borne signals on circumventricular organs (CVOs). The CVOs are regions where circulating cytokines can exert direct effects. However, such extracellular pathways accounts for less than 5% of the brain uptake of blood-borne cytokines such as interleukin-1α (Plotkin et al., 1996) , and there is an ependymal layer with intercellular tight junctions between the CVOs and rest of the brain that constitutes an intact barrier (Johanson, 1995) .
So far, the most definitive evidence for the direct route of a proinflammatory cytokine to the CNS derives from studies with interleukin-1α (Banks et al., 1991 (Banks et al., , 2001 . After intravenous delivery, interleukin-1β reaches the posterior division of the septum in mice and impairs memory. For TNFα, transport across the BBB is speculated to contribute to the CNS effects of inflammatory and immune signals from the peripheral circulation (Gutierrez et al., 1993) . This
